ABSTRACT The effect of surgical ablation of atrioventricular accessory pathways on 
ATRIAL FIBRILLATION occurring in patients with Wolff-Parkinson-White syndrome is a potentially lifethreatening arrhythmia because it may lead to ventricular fibrillation.' Accordingly, the pathogenesis of atrial fibrillation in these patients has been the subject of a number of investigations. Electrophysiologic testing of patients has revealed that atrioventricular (AV) reciprocating tachycardia can be induced in the majority of patients who have a past history of atrial fibrilla-tion.2 -1 Furthermore, the spontaneous degeneration of AV reciprocating tachycardia to atrial fibrillation has been observed during electrophysiologic testing.' .6 These findings suggest that atrial fibrillation can occur secondary to AV reentry by means of the accessory pathway and that the accessory pathway directly participates in the induction of atrial fibrillation.
However, only a minority of patients with a past history of atrial fibrillation are observed to have spontaneous degeneration of AV reciprocating tachycardia to atrial fibrillation during electrophysiologic testing. 4 In patients in whom extrastimulus techniques have been required to induce atrial fibrillation,' 7 8 the induction of atrial fibrillation by a single extrastimulus has suggested primary atrial vulnerability to fibrillation.7 In these patients the accessory pathway would not be an obligatory link in the initiation of atrial fibrilVol. 72, No. I, July 1985 lation, and atrial fibrillation would be expected to recur even after the surgical ablation of the accessory pathway.
To determine the role of the accessory pathway in the pathogenesis of atrial fibrillation, we first compared the electrophysiologic properties of patients with atrial fibrillation to those with only reciprocating tachycardia. Second, we studied the effects of surgical ablation of the accessory pathway on the incidence of atrial fibrillation in patients with a past history of atrial fibrillation.
Methods
Patient selection. The records of 50 consecutive patients undergoing surgical ablation of an atrioventricular accessory pathway between August 1981 and February 1984 were examined. Indications for surgery included prior cardiac arrest, arrhythmias refractory to pharmacologic therapy, or intolerable side effects from pharmacologic therapy. Nineteen patients were identified with a past history of at least one episode of atrial fibrillation that had been documented by 12-lead electrocardiograms. Although a number of patients described irregular palpitations suggestive of atrial fibrillation, for the purposes of this study only electrocardiographically documented episodes of atrial fibrillation were included. Efforts were made to obtain all electrocardiographic tracings from referring physicians. This study group was compared with 19 consecutive patients undergoing surgical ablation of an accessory pathway during the same period who had no past history of atrial fibrillation documented by electrocardiogram.
Clinical evaluation. All patients provided their medical hist ory and underwent physical examination, chest roentgenography, 12-lead electrocardiography, 24 hr Holter monitoring. exercise testing, and two-dimensional echocardiography. Male patients over the age of 40 and patients with clinical evidence of significant organic heart disease underwent coronary angiography and left ventriculography.
Study protocol. All patients underwent a standard protocol that consisted of a preoperative electrophysiologic study, intraoperative epicardial AV ring mapping, and a limited electrophysiologic study carried out 1 week after surgery using epicardial wires implanted during the operation. Written informed consent was obtained for each of these procedures. All patients underwent continuous electrocardiographic monitoring for 24 to 48 hr immediately after surgery. Patients were reviewed 6 weeks after surgery and a 12-lead electrocardiogram was obtained at that time. All patients were contacted at the end of the study period and any patients with symptoms of palpitation or documented irregularity of pulse on physical examination were asked to forward copies of electrocardiograms. Electrophysiologic testing. Electrophysiologic evaluation was carried out with patients in the postabsorptive, nonsedated state after all antiarrhythmic medication had been discontinued for five half-lives. The protocol for the preoperative electrophysiologic study has been previously described.' Briefly, this consists of the recording of basic intervals, sinoatrial conduction time, sinus node recovery time, atrial extrastimulus testing at cycle lengths 400 and 600 msec, antegrade incremental pacing to AV block, ventricular refractory periods at cycle length 400 and 600 msec. and ventricular incremental pacing to ventriculoatrial block. In all patients a quadripolar catheter was positioned in the coronary sinus. In cases where there was evidence to suggest a right-sided accessory pathway, the right atrial catheter was replaced by a bipolar atrial mapping catheter for tricus-162 pid AV ring mapping. Standard criteria for the participation of an accessory pathway in atrioventricular reciprocating tachycardia were used.`In patients in whom atrial fibrillation was not induced before this, rapid atrial pacing at rates of 400 to 500 beats/min was performed until atrial fibrillation was induced.
The pacing stimuli used throughout the study, were square-wave pulses of 2 msec duration at an amplitude two times diastolic threshold. 
Results
Patient characteristics. Nineteen patients were identified with a past history of atrial fibrillation among the 50 consecutive patients who underwent surgical ablation of an AV accessory pathway. The mean age was 28.9 years (range 12 to 58). Fourteen patients were male and five were female. Sixteen patients had no evidence of cardiac disease other than Wolff-Parkinson-White syndrome, and one had Ebstein's anomaly, one mitral valve prolapse, and one patient an idiopathic congestive cardiomyopathy. There was no evidence for coronary artery disease in this group of patients. Two of these patients had a past history of cardiac arrest. The onset of atrial fibrillation was related to various factors, including exercise (n = 8), sleep (n = 2), emotion (n = 1), alcohol ingestion (n 1), and no known factors (n 7). The study group was compared with 19 consecutive patients who underwent surgical ablation of an accessory pathway during the same period. None of these patients with only reciprocating tachycardia had organic heart disease. Patient characteristics are summarized in table 1. Electrophysiologic testing. At the initial electrophysiologic study, both groups of patients were characterized in terms of accessory pathway location and properties, functional properties of the normal AV conduction given disopyramide (n = 9) or procainamide (n = 3) intravenously, and if atrial fibrillation failed to terminate, a transthoracic cardioversion shock was used to restore sinus rhythm (n = 4). In contrast, atrial fibrillation could be induced only in 14 of the patients who had no past history of atrial fibrillation, and in only one of these patients was atrial fibrillation sustained more than 10 min. The modes of induction of atrial fibrillation suggested that the arrhythmia was easier to induce in those patients who had documented spontaneous episodes of atrial fibrillation. These patients frequently developed atrial fibrillation inadvertently during atrial or coronary sinus catheter placement (n = 6) or after a single atrial extrastimulus (n = 3) (figure 1). In the latter episodes, the onset of atrial fibrillation was not associated with AV reentry. The preceding modes of induction were rarely observed in patients with a past history of only reciprocating tachycardia. The latter patients usually required rapid atrial pacing (n = 10) to initiate a brief period of atrial fibrillation (figure 2). Among all 38 patients, only four ( 10.5%) were observed to have Some of the modes of onset of atrial fibrillation are illustrated in figures 1 to 4. In these examples, earliest spontaneous atrial activity was observed to occur at a site removed from the accessory pathway, usually the high right atrium. This suggests that onset of atrial fibrillation was related to intra-atrial factors rather than to an abnormality of the atrium at the site of the atrial insertion of the accessory pathway. The induction of atrial fibrillation during ventricular pacing (figure 4) indicates that patients with concealed accessory pathways may potentially be at risk for the development of atrial fibrillation.
Incidence of atrial fibrillation (table 4) . A past history of atrial fibrillation was determined by electrocardiographic documentation. An arbitrary upper limit of 10 episodes of atrial fibrillation was allowed per patient for purposes of analysis. This was done to prevent the results of a few patients with many episodes from skewing the data. In addition, as the episodes of atrial fibrillation became more frequent, it was increasingly difficult to obtain accurate histories and electrocardiographic documentation. All patients had an episode of atrial fibrillation during the year before surgery and this frequently precipitated referral for surgery. During a mean preoperative symptomatic period of 6.9 + 5.8 years there were 89 episodes of atrial fibrillation in 19 patients. The after surgery. This patient has been treated with propafenone and has had no further episodes of tachycardia. Preoperatively, this patient had reciprocating tachycardia and atrial fibrillation using an accessory pathway despite medical therapy.
Discussion
Recurrent paroxysmal atrial fibrillation has been reported to occur in up to 32% of patients with WolffParkinson-White syndrome.4 Atrial fibrillation in these patients may be potentially life threatening when it leads to rapid ventricular rates that may ultimately result in ventricular fibrillation. When pharmacologic management fails to control these arrhythmias, surgical ablation of the accessory pathway is a suitable alternative. However, it is not known whether surgical ablation of the accessory pathway will merely result in continued atrial fibrillation without preexcitation or whether it will actually alter the incidence of atrial fibrillation. Our study attempted to determine the effect of surgical ablation of the accessory pathway on the incidence of recurrent atrial fibrillation and to determine whether there are certain electrophysiologic parameters that identify patients in whom surgery is more likely to prevent recurrent atrial fibrillation.
Patients with a past history of recurrent, spontaneous atrial fibrillation are characterized by the presence of antegrade preexcitation, the frequent presence of multiple accessory pathways, and the presence of an accessory pathway with a relatively short antegrade effective refractory period. This combination of factors contributes to the excessively rapid ventricular rates that may occur in this group of patients when atrial fibrillation develops.'1 14 A major difference observed between patients with a past history of atrial fibrillation and those with only reciprocating tachycardia was that the atrial fibrillation tended to be sustained when it was induced in the laboratory. In contrast, patients with reciprocating tachycardia had nonsustained atrial fibrillation in the electrophysiology laboratory and even this required more aggressive stimulation techniques. Two potential differences between Vol. 72, No. 1, July 1985 these groups of patients may have contributed to atrial fibrillation being sustained. First, rapid ventricular responses to atrial fibrillation may result in hemodynamic deterioration and hypotension,' with a resultant reflex increase in sympathetic neural activity. 6 This increased sympathetic neural activity may predispose to the maintenance of atrial fibrillation and the development of more rapid ventricular response rates. This phenomenon has been observed in the electrophysiology laboratory in response to isoproterenol. 7 Second, the PA interval was observed to be significantly longer in patients with a past history of atrial fibrillation. This measurement may provide an index of intra-atrial conduction time. ' Thus, in patients with potentially slower right intra-atrial conduction, there may be a predisposition to developing sustained atrial fibrillation. Therefore the results of the electrophysiologic study suggested a multifactorial etiology for sustained atrial fibrillation, including factors related to both the accessory pathway and slow conduction in the atrium.
The mode of initiation of atrial fibrillation in the laboratory more frequently suggested the presence of primary atrial vulnerability to atrial fibrillation. We observed spontaneous degeneration of AV reciprocating tachycardia to atrial fibrillation in only 16% of our patients, which is similar to the 26% observed by On the basis of results of electrophysiologic testing, we could not determine whether recurrent atrial fibrillation was purely a function of the accessory pathway properties or whether there was indeed primary atrial vulnerability to the development of atrial fibrillation. We hypothesized that if recurrent atrial fibrillation is due entirely to the presence of the accessory pathway, then surgical ablation of the accessory pathway should prevent recurrent atrial fibrillation. In contrast, if there is primary atrial vulnerability then atrial fibrillation may continue to occur after surgery. Indeed, one might expect atrial fibrillation to occur more frequently in the immediate postoperative phase.
A total of 89 episodes of atrial fibrillation had been documented in 19 patients during a mean preoperative period of 6.9 years. This produced a conservative estimate of 1.97 episodes of atrial fibrillation per patient/year. During a mean follow-up of 1.9 years, only one patient had recurrent atrial fibrillation (p < .01). On the basis of this dramatic reduction in the recurrence of atrial fibrillation, we conclude that the accessory pathway is of prime importance in the induction of spontaneous atrial fibrillation and that any intraatrial abnormalities are of secondary importance and may contribute only to sustaining atrial fibrillation once initiated. This finding is of considerable significance because it allows us to maintain this group of patients without antiarrhythmic drug therapy after surgery. Recurrent atrial fibrillation after surgery could still be potentially dangerous in a high percentage of our patients. We observed that nine of 19 patients had AV nodal properties consistent with enhanced AV nodal conduction and might be able to sustain relatively rapid ventricular rates in the event of recurrent atrial fibrillation. Thus it is of considerable importance that atrial fibrillation does not recur after surgery. It will be of importance to determine whether this group of young patients with apparent atrial vulnerability will develop a high incidence of atrial fibrillation as they age.
It might be argued that the duration of follow-up is inadequate to determine the precise effects of surgery. However, among our patients, all had had at least one episode of atrial fibrillation during the year before surgery. In addition, only two patients had had a single episode of atrial fibrillation. Thus the great majority of our patients had multiple episodes of atrial fibrillation during their preoperative period. In addition, most patients showed a trend toward increasing frequency and severity of episodes of atrial fibrillation despite pharmacologic management. Only two of our patients required pharmacologic therapy after surgery, and thus, in the absence of antiarrhythmic drug therapy, we might have expected to have seen an even greater incidence of recurrent atrial fibrillation in the absence of a surgical effect.
Certain insights were provided by the single patient who continued to have recurrent atrial fibrillation. This patient was markedly different from the remaining population of patients with atrial fibrillation. This particular patient had a cardiomyopathy and thus was one of the few patients with organic heart disease in our patient population. In addition, the shortest RR interval during induced atrial fibrillation in this patient was 450 msec. This patient was therefore distinctly different in that his ventricular rate during atrial fibrillation was generally slow even in the absence of pharmacologic therapy. The observation that the occurrence of atrial fibrillation in patients with Wolff-ParkinsonWhite syndrome and organic heart disease may have different substrates than patients without heart disease is consistent with previous findings. Bauernfeind et al.2 demonstrated that a subgroup of patients with Wolff-Parkinson-White syndrome without inducible AV reentrant tachycardia frequently had organic heart disease (86%). Thus organic heart disease may lead to atrial fibrillation even in the absence of AV reciprocating tachycardia. Our patient with a cardiomyopathy did have AV reciprocating tachycardia, but one would expect that this would only make the patient more likely to have atrial fibrillation in the presence of organic heart disease.
We conclude that patients with Wolff-ParkinsonWhite syndrome who have no organic heart disease but have antegrade preexcitation and develop rapid ventricular response rates during atrial fibrillation are not likely to have recurrent atrial fibrillation after surgical ablation of their accessory pathways. In contrast, patients with a history of paroxysmal atrial fibrillation who have organic heart disease, absent antegrade con-duction via an accessory pathway, or slow ventricular rates during induced atrial fibrillation may be likely to have recurrent atrial fibrillation after ablation of their accessory pathways. This latter group may require continued antiarrhythmic therapy after surgery.
